Landscape redistribution of soil C is common within agricultural ecosystems. Little is known about the eff ects of upland sediment deposition on C dynamics within riparian wetlands. To assess sedimentation impact, we obtained profi le samples of wetland soil and used the combination of 137 Cs, 210 Pb, and 14 C chronological markers to determine rates of C sequestration and mineral deposition over the history of a wetland within a fi rst-order catchment under agricultural management in the coastal plains of the United States. Substantial post settlement deposition in the wetland soil was evidenced in places by a 20-to 40-cm layer of mineral soil that buried the original histosol. Soil profi les contained a minimum in C content within the top 35 cm of the profi le which originated from a rapid deposition from low C upland soils. Radiocarbon and radioisotope dating showed that increases in C above this minimum were the result of C sequestered in the past ~50 yr. Modeling the kinetics of modern C dynamics using the 137 
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Cs and 210
Pb markers within these surface profi les provides strong evidence for accelerated C sequestration associated with mineral sediment deposition in the ecosystem. Th ese fi ndings indicate that at the landscape scale, dilution of ecosystem C by import of low C upland sediment into wetlands stimulates C sequestration by pulling soil C content below some pedogenic equilibrium value for the ecosystem. Th ey also indicate that over the history of the wetland, rates of C accretion may be linked to mineral soil deposition.
Impact of Sedimentation on Wetland Carbon Sequestration in an Agricultural Watershed
Gregory McCarty,* Yakov Pachepsky, and Jerry Ritchie USDA-ARS T here is debate in the literature concerning the impact of soil erosion on C dynamics within the terrestrial ecosystem. Soil erosion has a well established negative impact on soil quality and productivity of agricultural lands (Lal, 1998 (Lal, , 2002 (Lal, , 2003 (Lal, , 2004 but its impact on the balance of C stocks within terrestrial ecosystems is unclear. It has been estimated that 75 Pg yr -1 of soil is subject to water erosion (Lal, 2003) which results in displacement of perhaps 0.5 to 2 Pg yr -1 of soil C. Th e infl uence of this massive redistribution of soil C on terrestrial C storage is poorly understood. Arguments for negative impacts of soil erosion on terrestrial C stocks center on the eff ects of erosion on the ability of degraded soils to support plant growth and increased mineralization in displaced soil because of breakdown of aggregates leading to exposure of physically protected organic matter to degradation agents (Lal, 1998 (Lal, , 2003 . Some have estimated that soil C mineralization has increased by >20% as a result of erosion (Polyakov and Lal, 2004) . In contrast, Stallard (1998) put forward a conceptual framework for linking redistribution of soil resources to changes in C cycle processes that result in increased C sequestration within terrestrial ecosystems. Within this framework pedogenic C is buried at sites of deposition resulting in stabilization of eroded C and removal of C at the site of erosion stimulates sequestration due to decreasing the C content below that at pedogenic equilibrium C content. Subsequent fi eld measurements of C dynamics on highly erosive sites in Mississippi provided evidence for dynamic replacement of soil C indicating that a local C sink formed at the site of erosion (Harden et al., 1999; Van Oost et al., 2005) . Watershed and basin scale studies are beginning to aggregate infl uence of patterns of soil redistribution at scales larger than landscape (Smith et al., 2005) .
With the redistribution of C resources linked to erosion/deposition processes, there is considerable potential for systematic net movement of soil C resources along biogeochemical gradients associated with topographic elements within the landscape (McCarty and Ritchie, 2002) . For example, net movement of soil C into wetter areas of the landscape would tend to stabilize eroded C by decreasing the potential for C oxidation (Liu et al., 2003) . In this context, much of the consideration for increased C storage is associated with passive mechanisms such as C burial which would also suppress C oxidation. Th is may be the main infl uence on C dynamics in ecosystems with relatively low productivity such as reservoirs. Deposition in wetlands with high net primary productivity, however, likely stimulates active C sequestration in a mechanism similar to that of dynamic replacement at erosional sites (McCarty and Ritchie, 2002) . Under this scenario, infl ux of low C sediment into ecosystems that support high soil C content stimulates new C storage by diluting the concentration of soil C.
Carbon production within the riparian ecosystem plays a vital role in the biogeochemistry of agricultural nutrients and in the protective function of riparian buff ers for improved water quality. Our initial work assessing C dynamics in a riparian buff er associated with a fi rst-order stream showed that C sequestration potential of sediment aff ected wetlands was substantial (McCarty and Ritchie, 2002) but the relationship between sediment in fl ow and C sequestration was not well elucidated. Moreover, modern C dynamics need to be placed within the context of the overall history of the wetland to more clearly understand the importance of anthropogenic infl uences on C cycling within the ecosystem.
Th e use of 137 Cs and
210
Pb as modern and near modern chronological markers of sediment movement is well established (Walling et al., 2002) . Because the sediment profi le information often does not fully constrain 210 Pb chronological models, the literature provides a caution about the use of 210 Pb data for assessing sedimentation history without use of an independent marker such as 137 Cs (Smith, 2001 Pb ex Concentration (CIC) models (Appleby and Oldfi eld, 1978; Walling et al., 2002) , but considerable debate and uncertainty exists in the literature concerning suitability of these models for providing accurate burial dates Brenner, 1986, 1988; Benoit and Hemond, 1988; Smith, 2001; Walling et al., 2002) . Moreover, results from these models are expected to substantially diverge under diff erent ecosystem conditions and kinetics of sedimentation (Walling et al., 2002) . Th e models further require that the soil profi les be in steady-state equilibrium with atmospheric supply of 210 Pb ex . Th ey best perform for ecosystems subjected to a near-constant sediment supply rate as may be approximated in many aquatic ecosystems, whereas episodic perturbations of an ecosystem, such as rapid infl ux of sediment, can lead to discontinuities in the soil profi le that do not fi t model assumptions (Walling et al., 2002) .
Within river fl ood plain ecosystems in regions of South America and New Guinea, Aalto et al. (2003 Aalto et al. ( , 2004 Aalto and Dietrich, 2005) found evidence for the occurrence of episodic sedimentation events associated with rapid-rise fl oods that result in packages of well mixed sediment of uniform age and typically 20 to 80 cm thick (Aalto et al., 2003 Pb fallout onto a largely undisturbed profi le (Aalto and Dietrich, 2005) . Th e extent of the asymptotic development of a meteoric cap can provide information on the age of a deposition event. With occurrence of these thick sediment layers, the total soil profi le inventory of 210 Pb ex is not in equilibrium with atmospheric deposition which invalidates use of models that require such condition (Walling et al., 2002) . Aalto et al. (2003) developed a new modeling approach that in part uses the inventory of 210 Pb ex in the meteoric cap to date sedimentation occurrence in fl ood plain ecosystems.
Th e purpose of this study was to test the hypothesis that infl ux of low C sediment into ecosystems that support high soil C stimulates C sequestration. To do this we compare premodern rates of sedimentation and C sequestration of the wetland to modern rates primarily infl uenced by agricultural land use within the small fi rst-order watershed under study. For this assessment, we used a set of three nested chronological markers ( 137 Cs, 210 Pb ex and 14 C) to assess rates of sediment deposition and C sequestration within the wetland ecosystem.
Materials and Methods

Study Site
Th e study site is a fi rst-order stream with an associated riparian zone of a fi rst-order agricultural watershed in the mid-Atlantic coastal plain (Fig. 1) . Th e study site was part of a larger watershed experiment (Daughtry et al., 2001 ) conducted at the USDA ARS Beltsville Agricultural Research Center in Beltsville, MD. Th e riparian zone study site ( Fig. 1 ) was bordered to the west by a 20 ha agricultural production fi eld that drained into a small north-tosouth fl owing fi rst-order stream. Topographic slopes in the production fi elds are moderate with an average slope of 2.7% measured along four 200-m transects. Th e pre-1950 history of land management in the catchment is unknown other than being used for crop production. From early 1950s to 1996 these fi elds were used as a grass pasture for swine production. In 1996, the fi eld was converted to tilled cropland for continuous maize production. To the east of the upstream part of the riparian zone was a smaller (4 ha) upland fi eld that was also cropped with corn. Th is small fi eld ( Fig. 1 ) drained mostly into a low-lying wetland area to the south of the small fi eld and east of the main riparian study area (Angier et al., 2005) . Th e southeastern fi elds in the image ( Fig. 1) do not drain into the stream. Th e full length of the fi rst-order stream was 1100 m, which then emptied into a larger, higher-order stream at the termination of the study area. Th e entire watershed area was 69 ha. Th e riparian corridor (study area) consisted of a vegetated area bounding the length of the stream, and varied in width from 60 m at its narrowest point, to more than 250 m. Th e riparian corridor (delineated by forested boundary) comprised 10% (7 ha) of the total catchment area. Th e remainder consisted mostly of undeveloped nonriparian wooded areas.
Th e riparian wetland soil was Typic Haplosaprist (USDA-NRCS, 2003), Johnston silt-loam, very poorly drained (Maryland Soil Series). Th is histosol was approximately 2 m deep, beneath which was an oxic sand aquifer ) and characterized by generally well decomposed plant material (i.e., saprist). But portions of the profi le might tend toward being more fi brous (i.e., hemist) with bulk densities in the range of 0.25 to 0.8 g cm -3 for the organic portions of the profi le and in the range of 0.8 to 1.3 g cm -3 for portions with stronger mineral characteristics. Th ere is an oxic inversion in the wetland, with oxic groundwater penetrating up through the soil profi le and dissolved oxygen concentrations decreasing upward, varying according to rate of groundwater movement (Angier et al., 2002) . Th e hydrology and wetland delineation within the ecosystem under study was described by Angier et al. (2005) .
Intact Soil Core Extraction
To obtain continuous and undisturbed profi le samples of low bulk density soil, a soil core extraction device was constructed of 15.5 cm inside diam. poly vinyl chloride (PVC) plumbing pipe cut to 2 m length. Th e soil core cutting end of the tube was beveled on the outer edge and the inner edge fi tted with a fl exible band saw blade that conformed to the inner diameter of the tube. Th e back and forth manual rotation of the extraction tube during insertion cut fi brous plant material within the profi le. In operation, the cutting edge of the tube was inserted approximately 8 cm into the surface of the wetland soil. Th e extraction tube was then fi lled with water and sealed with a cap fi tted with a fl exible tube. For further insertion of the soil tube, water was then pumped out of the sealed tube by use of a fi eld portable peristaltic pump. Th is created a negative tension on the water column and the soil core allowing insertion of the sampling tube with 90° manual rotations. After the tube was fully inserted through the wetland soil, the water outlet was sealed and the extraction tube was pulled out. After removal, the intact soil core was pushed out of the extraction tube using a tight fi tting plunger. Length of the soil core was compared to the depth of insertion to check for evidence of compaction.
Th e intact soil cores (one core per site) were sectioned by knife into 5-cm segments. Bulk density values of soil samples were determined by volume and weight measurements of the sectioned intact cores. Th e cross-sectional area of each core was used to convert data to a land area basis. 
Physical and Chemical Analyses
Before analysis, samples were ground and screened through a 2-mm sieve. A subsample was ground to a very fi ne powder with a roller grinder. Total C and N content (g kg -1 by mass) of soils were determined by dry combustion analysis (CNS 2000 elemental analyzer, LECO Corp., St. Joseph, MI). All samples had neutral to acidic pH and no carbonates and therefore organic C content was equivalent to the total C measured. Th e mineral content of the soil samples were determined by placing soils samples in a high temperature oven set at 400°C for 12 h to fully oxidize the organic material and residual mineral content was determined by weight.
Radionuclide Analyses
For radionuclide analyses, 65-g samples of soil from each core section (actual amount determined) were placed in aluminum containers with lids that were sealed air tight by use of an automated crimping devise used in commercial canning operations. Cs, gamma emission spectra for each sample was obtained using a Canberra Genie-2000 Spectroscopy System that receives input into three 8192-channel analyzers from Canberra high purity coaxial germanium crystals (HpC > 30% effi ciency). Th e system is calibrated and effi ciency determined using an Analytic mixed radionuclide standard (10 nuclides) whose calibration can be traced to U.S. National Institute of Standards and Technology. Counting time for each sample provides a measurement precision of ± 4 to 6%. Th e unsupported 210 Pb activity ( 210 Pb ex ) was estimated by use of the 226 Ra activity data to subtract the portion of total 210 Pb resulting from internal 222 Rn decay. Radiocarbon ( 14 C) measurements were performed by Beta Analytic Inc. (Miami, FL) to obtain the mean residence time and age of soil organic C. Th is analysis was performed on the total C content without pretreatments (all samples were free of carbonates). Th e 14 C reported as radiocarbon years before present (1950 AD). All surface samples analyzed were found to be modern with the presence of bomb 14 C.
Modeling Kinetics of 210 Pb and Carbon Accumulation in the Sediment Layer
We use simple mass budget models for both unsupported Pb ex and C is depicted in Fig. 2 , and the assumptions are consistent with recent characterizations of sediment deposits within river fl oodplains (Aalto et al., 2003 (Aalto et al., , 2004 Aalto and Dietrich, 2005) .
Within this model, we assume that the sediment layer was uniform at the time of deposition and no new sediment was deposited after that, so that the vertical 210 Pb distribution in the top of the profi le is the result of bioturbation, pedoturbation, diff usion, and other processes causing migration of the radionuclide from the surface deeper into the soil. We also as- ) in the topsoil will change in time due to the atmospheric deposition and decay as:
where k is the decay rate constant, yr −1 , t is time, yr. Th is equation yields the dependence of M Pb on time as
Th e second term in Eq.
[2] is found from the assumptions on the sediment deposition homogeneity and on the minimum representing the original concentration:
where c Pb,min (t) (mBq kg
) is the minimum
210
Pb ex concentration in the soil profi le at time t, d min (m) is the depth at which this concentration is found and ρ is soil bulk density, kg m -3 . Th en the inventory within the meteoric cap resulting from the atmospheric deposition will be min , , m i n 0
If values of M Pb (t), P and k are known, the time since the deposition event can be found as
Th e mass budget assumptions for C are the same as for 210 Pb, namely the sediment homogeneity, no substantial subsequent sediment deposition, and the newly sequestered C in the surface cap did not migrate to buried soil. Let the C addition rate in the surface layer be B (g m -2 yr -1
). Th e C mass M C (kg m -2 ) in the topsoil will change in time due to the C addition and decomposition as:
Th e fi rst-order decomposition kinetics are assumed for the preliminary data analysis, and λ is the decomposition rate constant, yr -1
, t is time, yr. Solution of this equation gives the dependence of M C on time as
Th e C inventory within the meteoric cap resulting from the deposition since the sedimentation event will be min , , m i n 0
where c C (t) (kg kg -1
) is the minimum C concentration in the soil profi le at time t, d min (m) is the depth at which this concentration is found and ρ is soil bulk density, kg m -3 .
If values of M C (t), B and time since deposition are known, the decomposition rate constant λ can be found as the root of the nonlinear equation
Results and Discussion
Th e C content of wetland soils varied substantially with profi le depth (Fig. 3) with a decline in soil C content immediately below the soil surface. Th is near surface decline in C content is indicative of upland sediment deposited on the wetland (McCarty and Ritchie, 2002) . Evidence of other sedimentation events may also be preserved in profi les as indicated by other maxima in C content followed by declines in C content. From the surface, the fi rst maximum in C content likely indicates the surface of the wetland before the modern sedimentation event.
Estimates of Accretion Rates Based on Radiocarbon Dates
Radiocarbon ( 14 C) measurements of mean residence time of wetland soil C showed the expected characteristic of older C with increasing depth in all profi les (Fig. 4) . Th e basal soil sample from Core 2 had the oldest mean resident age of 12,000 yr BP which dates back to a time period that covers the entire Holocene epoch. Th is age would be consistent with the ecosystem forming after the last glacial period infl uencing the North American continent at which time ecosystem shifts may be expected with the changing climate. For all cores, the C in the surface layers was dated as modern. Rates of sediment and C accumulations were calculated using the amounts of mineral and C amassed between the 14 C-dated sections within soil profi le (Fig. 5) . Th e data show a large range in both sedimentation and C accumulation rates throughout the history of the wetland with a positive relationship between sediment and C accretion within the ecosystem.
Although radiocarbon dating provides useful chronological measurements over the broad time periods of wetland history, it has very limited utility for assessing modern rates of accretion (i.e., post 1950) especially if rates have changed substantially within the modern timeframe. Th e radiocarbon data indicated however, that all soil profi les studied were capped with modern soil C. Pb ex , and organic C within the top 35 cm of the wetland profi les (Fig. 6 ) provides substantial information on recent dynamics of sediment and C within the wetland. What is most evident from the data is remarkable correspondence observed between dynamics of 210 Pb ex and C within the top 35 cm of all profi les with both initially decreasing rapidly with depth. In the case of two profi les (Cores 3 and 4) , a very distinct minimum is reached for their content with then increasing content at further depth. Within our conceptual model (Fig. 2) both 210 Pb ex and ecosystem C are added to the surface layer with a constant rate of supply. Periodic import of upland sediment to the ecosystem causes periodic dilution of both 210 Pb ex and soil C. In support of this model, the 210 Pb ex distribution observed in these surface strata is very similar in distribution pattern to the meteoric caps present in the river fl oodplain sediment packages studied by Aalto et al. (2003 Aalto et al. ( , 2004 .
Peak rates of 137 Cs fallout within this ecosystem were assumed to occur during the period 1954 to 1963 with 96% of the total weapons fallout inventory reported to have been deposited worldwide by 1970 (Appleby, 1997) . With the exception of Core 5, the distributions of 137 Cs within the soil profi les were indicative of very little sedimentation occurring after the peak period of Pb ex similar to what was commonly observed by Aalto et al. (2003 Aalto et al. ( , 2004 Aalto and Dietrich, 2005) for sediment depositions within river fl oodplains. By this approach, we used the observed local minimum in 210 Pb ex as the estimate of the remnant activity associated with 210 Pb ex imported to the ecosystem with the sediment transport.
Estimated Deposition Rates for 210 Pb and Carbon
Large uncertainties in modeling sediment and C dynamics within the ecosystem are associated with estimating deposition rates. A number of 210 Pb deposition rates have been reported for several locations along the eastern one-third of the United States. Th ese estimates have been largely based on 210 Pb inventories for sediment/soil profi les presumed to be in equilibrium with atmospheric 210 Pb fallout (Walling et al., 2002) . With the inherent uncertainties associated with this approach, the estimated fallout rates range from 130 to 200 Bq m -2 yr -1 (Turekian et al., 1977 (Turekian et al., , 1983 Binford and Brenner, 1988; Chillrud et al., 1999) . Some of the variation in reported fallout may be expected to be due to some deviation from the assumption that profi le inventories are under the steady-state equilibrium condition relative to fallout as well as variation in rainfall which aff ects fallout rate (Winkler and Rosner, 2000) . In a previous assessment of vegetation C inputs supporting denitrifi cation within this wetland ecosystem (McCarty et al., 2007) , we found two major C sources deposited annually to the soil surface. Red maple (Acer rubrum L.), the dominant over story species, and skunk cabbage [Symplocarpus foetidus (L.) Salisb. ex W. P. C. Barton], under the dominant story species, contributed 137 and 114 g C m -2 yr -1 for a total annual input of about 250 g C m -2
. In other work, it was shown that the annual leaf litter fall was to great extent both spatially and temporally homogenous within this ecosystem (Herbert, 2005) .
Estimating Age of Sedimentation
We limited our analysis to Cores 2, 3, and 4 because they show clear minima in 210 Pb ex activity within their profi les and show no evidence of secondary sedimentation which are conditions consistent with the assumptions used in our model. Th e measured 210 Pb ex inventories M Pb,dep within the meteoric cap resulting from atmospheric fallout since the time of sediment deposit ranged from 2900 to 3700 Bq m -2 for the wetland profi les studied and averaged 3370 Bq m -2 . We have used Eq.
[5] with these inventory values and the 210 Pb decay rate constant k = 0.3114 yr -1 to estimate the surface sediment age for diff erent rates of atmospheric deposition. Results of such estimates are shown in Fig. 7 (Chillrud et al., 1999; Binford and Brenner, 1988; Winkler and Rosner, 2000) to place an upper limit on the age of wetland sedimentation. Th e upper limit in sedimentation dates ranged from 38 to 66 yr with the average of 53 yr. Cs maximum in this profi le gives indication of a secondary sedimentation event occurring after 1963 at this location within the wetland. But there is little evidence of a substantial meteoric cap developing at the old land surface in the interim years between the two sedimentation events. Th is indicates the fi rst sedimentation event occurred within a relatively short period before the onset of 137 Cs fallout and that the second event occurred shortly after the peak of 137 Cs fallout. Th e average age for the upper limit for deposition age was 53 yr which is consistent with that conclusion.
Assessing Carbon Accretion Rates within the Range of Uncertainty
We used a simple single pool C model over more complex models such as Century, Roth-C, or ICBM because there were primarily developed for upland soils and not well calibrated for wetland conditions. We also posit that C is primarily added to soil via surface deposition which ignores the contribution of root C. In all likelihood this provides close approximation in an ecosystem dominated by perennial root systems. Th e soil C loss rate λ was estimated using Eq. [9] with the value of litter fall C infl ux rate B varying from 200 to 300 g m -2 yr -1 and the surface sediment age from 40 to 60 yr. Th e results are shown in Table 1 . Th e range in possible sediment age examined did not have much infl uence on the estimated organic C decay rate. Th e relationship between the C loss rate constant and C infl ux is almost linear. Th e diff erences in rate constant values between soil cores likely refl ect in part the spatial variation in litter fall infl ux as well as possible redistribution within the ecosystem as indicated by variations in 137 Cs inventories.
With the values of C infl ux and C inventories in the topsoil observed in this work, the C content in the surface layer appears to be close to the maximum, or asymptotic, value which, according the Eq. [7] is equal to B/λ. Th is is illustrated in Table 2 that shows the C in the topsoil as the percentage of the maximum value. At the average value of B of 250 g C m -2 yr -1 about 80% of the topsoil C storage capacity is fi lled within the period since sedimentation.
In this analysis, we used a single C pool model on the assumption that fresh litter decomposition and new soil C are less diff erentiated into slow and fast turnover pools. Th is assumption becomes less valid with aging of the soil C pool and can produce mixed results (Davidson et al., 2000) . Th e estimated turnover time on average is between 6 and 10 yr and the turnover is faster than usually reported for other soils and environments (Post and Kwon, 2000; Ross et al., 2003) however this likely refl ects the high degree of fresh plant litter transformation and stabilization of soil organic matter within the cap. In addition, as the organic C cap approaches its asymptotic value for organic C storage, the effi ciency of sequestration may be expected to decrease as a lower percentage of the residue C is stabilized.
Impact of Sedimentation on Ecosystem Carbon Dynamics
Based on our single pool, pseudo-fi rst-order decay model for soil C, the portion of the profi le under infl uence of surface deposition has largely become saturated with organic C and the rapid initial C sequestration rates associated with deposition of low C sediment rapidly attenuated. Under such conditions, extent of C sequestration has become insensitive to age of the sedimentation events because an asymptotic value for organic C storage is approached. In fact, based on our input parameters for the ecosystem, the profi le zone under infl uence of surface deposition (i.e., the cap region) becomes saturated with respect to deposited organic C before it saturates for 210 Pb ex because the pseudo-fi rst-order decay constant for C is roughly half that for the true fi rst-order decay constant for 210 Pb. Of course, this rapid decay condition for soil C only holds for a limited time as more defi ned multiple pools of soil C develop and the C fractions become more stabilized. Th is divergence in kinetics of soil C and 210 Pb become evident in the lower profi les with continued true fi rst-order decay of 210 Pb but stabilization of soil C content (Fig.  6) . A presumed presedimentation meteoric 210 Pb ex cap for the buried land surface has decayed whereas the C pool has become highly stabilized. Th is is consistent with our fi nding of highly stabilized wetland C dating to 12,000 yr BP.
Characteristics of Sedimentation Events and Potential for Carbon Storage
By the above considerations, it is evident that when sedimentation events result in deep upland sediment packages, the extent of downward movement of C through physical mixing or diff usion/leaching can be an important determinant of C storage within the sediment layer. A series of smaller sedimentation events or a steady-state rate of sedimentation would be more effi cient for increasing C storage capacity. However, if episodic events causing deep sediment packages are more common in fl ood plains (Aalto et al., 2003 (Aalto et al., , 2004 then the capacity for increased C storage becomes limited by factors other than amount of mineral sediment import. In fact, the soil C distribution patterns of maxima and minima within the soil profi les (Fig. 3) provide some evidence of deeply packed sedimentation events occurring at other times within the wetland history. Accelerated C sequestration would be expected with these events but the full capacity of the mineral fraction to stabilize soil C may not have been fully realized as indicated by C minima within the profi le. Such accelerated sequestration events would not become evident by radiocarbon dating because the extended time scale measured by this approach averages out short periodic events. Additionally, within longer time scales, processes such as stream bank erosion may be an important mechanism aff ecting C balance in the ecosystem which would infl uence rates measured by radiocarbon dating.
As seen from this study, rates of C accretion may be linked to mineral deposition. At the soil particle scale, coating of mineral surfaces which stabilize organic structures may be an important mechanism of stabilization (Sollins et al., 1996; Mayer and Xing, 2001 ) and this stabilization potential seem likely to be different for upland ecosystems vs. low topographic position wetlands. A strong relationship has been observed between mineral surface area and soil organic matter content (Mayer and Xing, 2001) and this relationship has been linked to fate of terrestrial organic C transported or sequestered in riverine systems (Keil et al., 1997) with speculation that mineral movement into these ecosystems with associated C sequestration could account for the missing terrestrial C sink (Aalto et al., 2004) .
Conclusion
At landscape to continental scales (McCarty and Ritchie, 2002; Aalto et al., 2004; Smith et al., 2005) , there is growing evidence that a systematic redistribution of mineral and C resources within the terrestrial ecosystem that can impact C dynamics at deposition sites. We provide evidence of upland sedimentation of riparian wetland stimulated C sequestration by providing substrate for organic C stabilization. Models that account for impact of soil redistribution C dynamics should consider active as well as passive mechanisms of sequestration at depositional sites within the landscape.
